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ESTROGEN TOLERANCE IN PREGNANCY*
G. VAN WAGENEN AND ARTHUR H. MORSE
The important part played by estrogen in producing endometrial
and myometrial modifications necessary for the implantation and
retention of the embryo is perhaps better understood than is the
estrogen story later in pregnancy. The growth-promoting and vas-
cularizing effect of this hormone upon the uterus is in harmony with
the fact that increasing amounts of it are present in the body fluids
as pregnancy progresses. But estrogen is also the only known sub-
stance capable of producing coordinated rhythmic myometrial con-
tractions, and parturition is thought to be accomplished by the action
ofestrogen. This phase of estrogenic action, it has been suggested,4
is held in check by a mechanism for inactivation, which presumably
functions from the time of the establishment of pregnancy to shortly
before parturition. If the action of "freed" estrogen brings albout
the uterine contractions of labor, it is not surprising that the intro-
duction of exogenous estrogens has been reported to terminate preg-
nancy2' 6, 7, 8, 9, 10, 12
Data presented here were not planned to test the abortifacient
property of estrogen, but have been collected from experiments
designed to illustrate other influences of this hormone. However,
when gathered together, these data furnish evidence concerning tol-
erance of th'e natural and synthetic estrogens during pregnancy, at
least in the primate animal used here-the rhesus monkey.
Exper?imental
Thirty-five pregnant m'onkeys received estrogent administered
in one of three ways: orally, by implantation of crystals or pellets
into the uterus, or by intramuscular injection. All except two ani-
mals were in the first trimester of pregnancy at implantation, or at
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the time of first injection or administration by mouth. In most cases
treatment extended into the second trimester. In the rhesus mon-
keys the trimester is two months in length, as compared with three
months in the human. However, the earliest injection was on the
18th day after conception, so that the precarious times of tube traver-
sal, endometrial attachment, and implantation were assuredly passed
and pregnancy was well established with the formation of the defini-
tiveplacenta."3
For the most part the monkeys used were multiparous animals
with a proven capacity for carrying through a pregnancy. They
weighed between 4240 and 9150 grams, with an average weight of
6442.6 grams. Onthe basis ofweight, one-tenth the average amount
of hormone effective in humans would be appropriate for the mon-
key and, with this in mind, the dosages indicated in the three tables
assume considerable size.
Oral administration: Stilbestrol (a non-natural, synthetic estro-
gen), of particular interest because of its activity when given by
mouth, was administered to seven animals in daily (five times
a week) amounts of from 5 to 30 mg. Total amounts and the time
span of administration during each pregnancy are presented in
table 1. Certain reactions in these pregnant animals, such as a loss
of the usual placidity of the pregnant monkey, increase in coloration
about the eyes, and an anxiety in facial expression when the cage was
TABLE 1
ORALLY ADMINISTERED ESTROGEN
Amount (mg.) Span in pregnacy Exceptions to
Animal Hormone per day total days normal pregnancy
05 Stilbestrol 5 575 42-55
64 " 8 199 34-48
17 C10 309 36-51
71 " 15 195 33-49
41 " 15 195 34-49
00 " 30 570 70-98
92 " 30 310 157-167 -
approached, led us to believe that estrogenation in these animals was
taking place. Concrete evidence that the hormone was being assimi-
lated was seen in the x-rays of these animals, for gastro-intestinal
changes indicated that if the monkeys were to discuss their sensations,
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they might well have disclosed the development of the unpleasant
symptoms not unusual in the human patient so medicated. Marked
intestinal distention was present. When injections of the hormone
stopped, the animals gradually assumed a quieter mien. All animals
carried through to term and in no case could we find evidence of per-
manent changes in either the mother animal or the baby. Monkey
92 was one of the two instances of treatment in late pregnancy and
it received 30 mg. of hormone daily for the estimated last ten days
of pregnancy. In this monkey there was a left ureteral distention
of considerable size and the object of the experiment, as part of a
study of the hydroureter of pregnancy,11 was to reduce this disten-
tion ifpossible. The tonicity ofthe ureter appeared to be unaffected
by treatment and the animal gave birth to a normal male baby on
the day of the 10th injection.
Intra-uterine placement: Eleven pregnant monkeys each
received crystalline estradiol dipropionate or stilbestrol (table 2) in
one of two ways-as crystals dispersed in oil or as crystals com-
pressed into 10 mg. pellets. Both hormones were given in the two
forms. There was a two-fold advantage in suspending the crystals
TABLE 2
INTRAUTERINE PLACEMENT OF ESTROGENS
Amount Time in pregnancy Exceptionsto
Animal Hormone (mg.) day normalpregnancy
22 Estradiol
dipropionate 20 34
96 " 20 33
73 " 50 31 -
00 " 50 37
29 " 50 29 -
41 " 50 39 -
96 " 50 40 -
22 Stilbestrol 20 32
89 " 20 41
17 " 30 23 aborted (93rd day)
71 30 32 -
in oil rather than in an aqueous medium, because the trocar
inserted into the uterus did not clog so easily and a trace of opaque
medium could be thoroughly admixed in order that the location of
the implanted material couldbe recorded by x-rays.
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In every case the uterus was exposed for implantation by lapa-
rotomy, and the place of implantation was chosen in order to avoid
the placental sites. There were definitely three instances in this
series of eleven animals in which the trocar did not penetrate the
fetal membranes and the hormone was deposited between the mater-
nal and fetal tissues. In the earliest injection, on the 23rd day, there
appeared to be an extrafetal space present and perhaps in later ones
the trocar pushed the fetal membranes away from the uterine wall
instead of penetrating them. Animals receiving crystalline suspen-
sions, mothers 22, 96, 73, 00, 41, 89, and 17, showed the effects of
estrogenic stimulation mentioned earlier.
Four pregnant animals received pellets of hormone introduced
by trocar. Monkeys 29 and 94 were given estradiol dipropionate
and Monkeys 22 and 71 received stilbestrol. These monkeys failed
to show any change from the normal. An opportunity to investigate
the case of Monkey 96 was taken when on the 76th day of gestation
the animal bled from the vagina. With this threat of abortion it
was decided to perform a laparotomy and to remove the uterine con-
tents as awhole, ifpossible, in order to recover the pellets which pre-
sumably had been placed within the amniotic cavity. When the
uterus was exposed, the site of implantation of the hormone was
identified just ventral to a transverse scar on the fundus, which
marked the place of a previous section. An incision was made
parallel to this old scar and the placenta and membranes were sepa-
rated and removed from the uterus. The two lobes of the placenta
were not in their most typical position because the primary lobe
was attached low on the ventral wall with its margin covering the
region of the cervical canal. It was believed that the bleeding had
resulted from this irregularity. Of particular interest was the find-
ing of the pellets outside of the fetal membranes and partially
im'bedded in the placental tissue at the margin of the primary lobe.
These pellets approximated their original weight of 48 days earlier
and the sharp edges convey the impression that they were little
changed. If the pellets were originally implanted within the
amniotic cavity, they had dropped to the caudal surface and made
their way through these memobranes; and, on the other hand, if they
were placed in the extrafetal space within the uterus, they had pos-
sibly passed downward in response togravity, skirtingthe developing
embryonic structures, and were caught at the edge of the primary
placental disc when the intra-uterine cavity was oibliterated. The
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77-day fetus appeared normal in every respect. The implantation of
hormone pellets in these four instances gave negative results.
Intramuscular injection: Estrone, first as Theelin in aqueous
solution and later as crystals dissolved in oil, was used, as well as
were estradiol dipropionate and stilbestrol in the series of seventeen
pregnant monkeys injected intramuscularly. This group received
the greatest range in both dosage and length of treatment, as is
shown in table 3 and Fig. 1.
These animals all showed the effects of estrogen treatment either
in behavior or in actual physical changes. There was an increase
TABLE 3
INTRAMUSCULAR INJECTION OF ESTROGENS
(Natural Estrogens)
Span of injections
Amount (mg.) during pregnancy Exceptions to
Animal Hormone per day total (days) normal pregnancy
96 Theelin .15 10 36-100
19 " .4 20 42-99
29 " 1 24 33- 64 aborted (119th day)
56 Estrone 10 293 44- 84 aborted (93rd day)
22 Estradiol
dipropionate 4 150 33- 78
65 " 4 152 28- 73 aborted (88th day)
92 i10 250 36- 68
17 " 15 375 38- 78
82 " 25 250 35- 46 -
18 " 25 250 38- 46 -
(Synthetic Estrogen)
04 Stilbestrol 1 26 27- 58
97 " 25 525 49- 76 -
16 " 25 500 33- 59
01 " 25 500 33- 60
42 " 25 500 27- 57 -
17 " 50 1000 38- 66 aborted (68th day)
73 " 250 1000 18- 21
in spontaneous activity, an apprehensive, hypersensitive manner and
appearance which is notcommonly associated with the usual catching
for rectal palpation or the injection of most other substances. The
intensification of the red coloration of the sexual skin, characteristic
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of pregnancy, if it cannot be said to have increased was nevertheless
present more often in the outlying regions of face, head, and back.
The supra-orbital swelling in some instances gave the appearance of
the eyes peering out from under an obstruction.
Figures 2 and 3 give an idea of the bodysurface reaction in these
animals. The x-ray pictures of Monkey 97 were taken at the end of
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FIG. 1. Graph to show distribution of intramuscular administration of estrogens. For
further data see table 3.
a series ofdailyinjections of 25 mg. ofstilbestrol, and the immediate
interest was to learn whether at that time, the 78th day after con-
ception, pregnancy was progressing normally. Routinely two x-rays
aretaken, a lateral and an anteroposterior. The lateral view, Fig. 3,
shows a uterus of proper size and the degree of development of4) .c
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skeletal structure which we have learned to expect around the 80th
day. The turgid surface swellings shown in these x-rays are charac-
teristic of estrogen action in the monkey, and have been produced
experimentally,"' but they do not appear in the normal pregnant
animal. Hartman5 says in discussing this action of the follicular
hormone, "Likewise, during pregnancy, when the sex color is most
brilliant there has not in any of forty cases been noted the slightest
swelling of the buttocks."
In this series of seventeen estrogen-treated, pregnant animals
there were four premature terminations of pregnancy, two of which
(Monkeys 29 and 65) were associated with failure of normal
development of the fetus, as revealed by x-ray. In the first animal
abortion occurred fifty-five days after the last injection of estrogen
and in the second animal nine days. Monkey 65 aborted fifteen days
after the last injection of a series beginning on day thirty-three and
ending day seventy-three. The fetus showed a well-formed skele-
ton, but was somewhat macerated. This animal had been subjected
several years previously to removal of the colliculus from the
anterior wall ofthe cervix, an operation designed to make the uterine
cavity available for curettage. This may have caused a predisposi-
tion to the present incident, since it is well known that certain cervi-
cal operations predispose to human abortion. However, the animal
had been considered competent because of the delivery at full term
of a normal infant seven months before the beginning of the current
pregnancy. Of Monkey 17 little can be said. Abortion followed on
the second day after the last planned injection of 50 mg. of estrogen
on the 66th day of pregnancy. Bleeding from the vagina called for
arectal palpation and the uteruswas foundtobe empty. The animal
had not yet been x-rayed to determine the presence of a developing
fetal skeleton and the products of conception were eaten by the
animal.
Discussion
These data were examined for any information they could yield
concerning the effect of the introduction of an exogenous estrogen
upon the continuity ofpregnancy. Of primary interest was the effect
upon the uterus as a muscular organ which plays the chief motive
part in the termination of pregnancy. In introducing an extraneous
estrogen, one which, therefore, is unmodified by the metabolism
peculiar to pregnancy, the result can be examined for evidence of
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its ability to increase the mobility of the pregnant uterus and induce
premature labor.
In the orally treated animals the estrogen was effective physio-
logically in a moderate degree and, similarly, in the second series
when crystals were implanted there was some indication of stimula-
tion; but results were negative following introduction of pellets.
One abortion occurred in the second series of treated animals.
In the third series receiving estrogen by intramuscular injection
we have evidence, based on signs of estrogenation normally present
only in the non-pregnant animal, that the estrogen administered was
actually being physiologically effective in the pregnant animal.
A glance at Fig. 1 convinces that in no case was albortion initiated
by the injection of estrogen. In no instance was pregnancy inter-
rupted during a series of injections. Nor do the intervals after the
last treatment, 60, 55, 15, 9, and 2 days, indicate a consistent time
relationship to the withdrawal ofthe hormone. The catabolic uterine
changes following thewithdrawal ofan injected estrogen in the non-
pregnant animal apparently have no parallel here.
It remains to attempt to explain the five abortions in other ways.
Monkeys 29 and 56 a!borted because of the presence of non-viable
uterine contents and presumably Monkey 65 did likewise. The fact
that Monkey 17 aborted two days after the last planned injection is
not significant because each week there was a two-day interval
(Saturdayand Sunday) which could have precipitated a like reaction.
Unfortunately, the character of the uterine contents is unknown.
It is impressive that thirty pregnant monkeys should have with-
stood the laparotomies, the repeated catchings, and the injections,
over long periods of treatment with a hormone whose activity in the
non-pregnant animal is so easily recognized when even small
amounts, measured in rat units, have been administered. Appar-
ently a pregnant animal receiving exogenous estrogens in the
amounts used here is able to accommodate itself to their reception
and withdrawal, and to show only estrogen-stimulated changes com-
patible with established pregnancy.
Sumnary
Thirty-five pregnant monkeys received estrogens in varying
daily amounts up to 250 mg. with the highest total dosage 1 gram.
There were only five exceptions to normal length of pregnancy asso-
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ciated in three instances with def,ective development of the fetus.
In no case was atbortion initiated by the administration of hormone
nor could it be associated with the withdrawal of the hormone fol-
lowing a series ofinjections.
REFERENCES
1 Allen, E.: Contrib. Embryol., Carnegie Inst., 1927, 19, 1.
2 Allen, E., F. L. Hisaw, and W. U. Gardner: The endocrine functions of the
ovaries. Chapter VIII, Sex and Internd Secretions. Allen, Danforth,
and Doisy, 2nd Ed., Williams & Wilkins, 1939.
3 Bachman, C.: Proc. Roy. Soc., London, ser. B., 1935, 117, 16.
4 Cohen, S. L., G. F. Marrian, and M. C. Watson: Lancet, 1935, i, 674.
5 Hartman, C. G.: Contrib. Embryol., Carnegie Inst., 1932, 23, 1.
6 Jeffcoate, T. N. A.: J. Obst. & Gynaec. Brit. Emp., 1932, 39, 67.
7 Jeffcoate, T. N. A.: Lancet, 1940, i, 1045.
8 Kelley, G. L.: Surg., Gynec. & Obst., 1931, 70, 713.
9 Parkes, A. S., E. C. Dodds, and R. L. Noble: Brit. Med. J., 1938, ii, 557.
10 Streit, K.: Zentralbl. f. Gynik., 1938, 62, 1252.
11 van Wagenen, G., and R. H. Jenkins: J. Urol., 1943, 49, 228.
12 Voron, B. A., and R. Contamin: Bull. Soc. gynec. et d'obst., 1935, 24, 68.
13 Wislocki, G. B., and G. L. Streeter: Contrib. Embryol., Carnegie Inst., 1938,
27, 1.